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(g) A method for welding a packing band of thermoplastic resin, and a wilded band. 

@ Two ends of a thermoplastic resin packing band (44,45) are overiapped and portions of the 
overlapped part caused to be heated. IHeated portions are separated from other heated portions on both 
end pieces by non heated portions. The heated portions form molten and on cooling, with the 
application of pressure, weld the two ends together. The band thus welded has an overlapping part with 
welded portions (M) separated by non-welded porttons (N). 
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This invention relates to a met jod for welding a band of a thernrwplastic resin, the apparatus fordoing so 
and also to a thus welded band of the thermoplastic resin. More particularly, the invention relates to a method 
for connecting the ends of a flat band of thermoplastic resin, particularly of polyolef in or polyethylene tereph- 
thalate, in which method the band is wound around an article to be packed and both ends of the band are 
made molten and firmly connected to each other, and also to a structure of the thus connected band. 

Bands of thermoplastic resin are used for packing various articles. A band of this kind has a flat cross sec- 
tion, and has a high tensile strength. Thus the band of thermoplastic resin has been used for packing corru- 
gated cardboard for a long time, and recently has been also used for packing articles of heavy weight. 

When a band of thermoplastic resin is used for packing, the band is at first wound around an article to be 
packed, then tightened not to leave any loose part, and in this state both ends of the band are connected to 
each other. Both ends must be firmly connected so that the band may be neither slipped nor separated. Es- 
pecially, when the band is used for packing the article of heavy weight, great importance is attached to the 
firm connection of the band, because when the articles of heavy weight are stacked one on the other, the 
band packing the lower article is sometimes broken on account of the heavy weight, resulting in collapse of 
the articles. 

Hitherto clasps have been used for connecting the band. However, when it Is considered that the ther- 
moplastic resin can be firmly connected by heating to weld each other, it is clearly suited to connect the band 
by heating and welding. Thus, when the band of thermoplastic resin(lt is hereinafter referred to as "band^fe 
to be connected at the both ends thereof, a method for welding the band has widely been employed. The meth- 
od for welding the band is classified depending on particular process of how to melt the thermoplastic resin 
constituting the band. Processes for melting the resin includes a process using a heating plate, a process using 
fiictional heat, and a process using ultrasonic waves. 

When the article of heavy weight is to be packed with the band, no matter what method is used for welding 
the band, it is difficult to elevate the strength of the welded part of the band up to more than 60% of the strength 
of the band itself. More particularly, when use is made of the band having a tensile strength of more than 
300Kg/cm2 which is welded for packing, the resulting welded part has n6thing but a tensile strength within 
the range 30-60% of that of the band itself. Accordingly, it resulted in that the band is not suited for packing 
the article of heavy weight, though the band itself has a great tensile strength. 

When the band is to be connected by welding, the welding has hitherto been conducted in such manner 
that the welded portion may be extended to form a single continuous area on the band. When it is desired to 
elevate the strength of the welded part, it has been comnrK>nly practised to extend an area of the welded part 
of the band. In this case, when viewed from the width direction of the band, it has also been practised to weld 
the band over the entire width wholly from one skJe to the other. Thus, in order to increase the strength of 
welded part of the band, the welded part has only been extended in the lengthwise direction of the band so 
that the welded part may form a single continuous area. 

It is therefore intended to obtain a connected part of the band having a great strength by welding the band. 
For this purpose, the inventora at first tried to expand the area of the welded part in accordance with the con- 
ventional way. The inventora. however, found that it was difficult to elevate the strengtti of the welded part 
tmre than 65% of the strength of the band itself, even if the welded part was extended greatiy in the lengthwise 
direction of the band. Particularly, the inventors found that the strength of the welded part could be at first 
increased as the welded part was expanded in the lengthwise direction of the band, however, an increasing 
rate in the strength of the welded part was gradually decreased, and at last the strength of the welded part 
could not be elevated after a length of the welded part had reached a certain value. For example. In case of 
the band commonly used for packing the article of heavy weight, there was no increase in the strength of the 
welded part after the length of the welded part had reached 2-3 times width of the band. Thus it has now been 
found that the strength of the welded part cannot be greatiy elevated by extending the area of the welded part 

The inventore welded the bands in various ways and measured tensile strength of the welded parts of the 
bands. At that time the inventore examined particularly surfaces formed by breakage occurred when the ten- 
sile strength was measured. As the result, the inventors have found that the breakage does not occur at the 
original surface of the band but occure primarily at the border between the molten part and unmolten part 
This would be caused by the fact that the portion nrolten at the time of welding has a molecular structure dif- 
ferent finom that in the band itself and the breakage occurred In the boundary between the molten portion and 
unmolten portion, because the resin molecules are highly oriented in the band itself owing to high stretch given 
when the band was produced, while the resin molecules in the molten portion are not oriented owing to de- 
struction of the nrwlecular orientatton caused by melting. Thus it was found that attempts are in vain to improve 
the weld strength by welding the contacting surfeces of the band, especially by increasing the welded area 
In the lengthwise direction of the band. 

Furthermore, the inventors studied minutely the band surfaces formed by breakage when the welded band 
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was pulled and broken. As the results, the inventors have found tha': both ends of the welded portion in the 
lengthwise direction of the band contribute greatly to the strength n the welded portion, in other words the 
inventors have found that the intermediate in the welded portloi, does not contribute so much to the ^Id 
strength of the band, and the reason was undeislood that the increase of the area in the welded portion did 
not bring out an increase in the weld strength of the band as mentioned above. 

Thus, the inventors prepared two kinds of the band connections having the same total welded area one 
haying two or more separate welded portions in the lengthwise directton of the band, the other having a single 
welded portion, and these bands were tested for measuring the weld strength. As the results the inventora 
confirmed thatthe band connections having plural welded portions have higher weld strength than those hav- 
ing a single welded portion. The present invention has been completed on the basis of the above findings 
The present invention provides both a method for welding a band, and a band thus welded 
The method of the invention is directed to two particular embodiments, one of which is a method in which 
two parts of the band are melted by means of a heating plate, and the other is a method in which two parts 
of the band are rubbed each other to generate frictional heat in order to weld the band. The former comprises 
overlapping two parts of the band to contact a wide surface of one of the parts with a wide surface of the 
other, interposing a heating plate between the contacting surfaces to melt them, then removing the heating 
plate, and pressing the parts from outside to weld them, and is characterized by that plural heating portiora 
are provided on the heating plate to form plural molten portions on each of the contacting surfaces and to leave 
at least one unmolten portion between the molten portions in the lengthwise direction of the band and after 
said pressing, plural welded portions are formed in the lengthwise direction to produce at least one non-welded 
portion between the welded portions in the lengthwise direction. 

The latter method comprises overlapping parts of the band to contact a wide surfece of one of the parts 
with a wide surface of the other, pressing a vibrating plate to one of the parts to contact closely the contacting 
surfaces and to generate frictional heat between the contacting surfaces to melt them, then stopping vibration 
to weld the surfaces, and is characterized by that plural vibrating portions are provided on the vibrating plate 
to form plural molten portions on each of the contacting surfaces and to teave at least one unmolten portion 
between the molten portions in the lengthwise direction of the band, and after said stopping of the vibration 
plural welded portions are formed in the lengthwise direction to produce at least one non-welded portion be- 
tween the welded portions in the lengthwise direction. 

In the case of the welded band itself parts of the band overlap each other to contact a wide surface of 
one of the parts with a wide surface of the other the parts are welded between the contacting surfaces on 
which welded portions are located apart and separated by at least one non-welded portion the non-welded 
portion separating the neighbouring welded portfons being of a length within the range from the band thickness 
to two times the band width in the iingthwise direction of the band. 

The band used in the invention is made of a thermoplastic resin and is an elongate article having a flat 
cross section. As the thermoplastic resin material various resins can be used such as polydef in. polyester and 
polyaniide. As the poiyolefin use can be made of polyethylene and polypropylene, as the polyester use can 
be made of polyethylene terephthalate, and as the pdyamide use can be made of 6-nylon and 6 6-nylon 
Among them, the band of polypropylene is most widely used. By the flat cross section is meant a cros^ section 
having a width greater than 15 times, preferably 20 times, the thickness of the band. The width is generally 
within the range of 5-35mm. The wide surfaces are sometimes smooth but often embossed to have many litUe 
protuberances and recesses distributed alternately on the entire surfaces in order to prevent the band from 
Slipping. 

The band is prepared by extruding the thermoplastic resin into an extrudate having a flat cross sectton 
then stinstehing the extrudate more than five tames in the extruding direction to have the resin molecules oril 
ented in the lengthwise direction, and thereby to give a high strength in the lengthwise direction. Thus the 
band has a high tensile strength. For this reason the band has sometimes the disadvantages that the band 
IS liable to be split in the lengthwise direction. »mo uanu 

in order to connect a part of the band with the other, both the part and the other must be simultaneously 
heated so as to melt only surface portions of the band. The reason ttor this is that, when the band is heated 
and molten, the molecules in the molten portion lose their orientetion as mentioned above, and the molten 
portion efferts low tensfle strength. The heating of the band, therefore, is preferably carried out either by heat 
conduction from the band surface using a heating plate or by frictional heat generated by rubbing the band 
surfaces togethar. 

The invention is further described, merely by way of non limitative example in the following descriptton 
with referenceto the accompanying drawings, in which:Fig.1 shows a schematic view of a method in which a 
band IS we ded by means of a heating plate. Fig.2 is an oblique view of an example of the heating plate as 
shown in Fig. 1. Fig. 3 is a schematic view of a method in which a band is welded by means of two vibrating 
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plates, and Fig.4 is an oblique view of a welded band according to the present invention. 

In Fig.1, a numeral reference 1 denotes a packing band of polypropylene, and 2 an article to be p icked. 
Numeral references 3-10 denote members in a welding apparatus. Among the members, a numeral rdference 

5 3 denotes a sliding table, 4 a first holding means, 5 a second holding means, 6 and 7 a heating plate, 8 and 9 
a pressing member, and 10 a limit switch. The heating plates 8 and 7 are separately made and located at a 
certain distance. The pressing members 8 and 9 are also separately made and located at the positions opposite 
to the heating plates 6 and 7, respectively. Other matters than the said explanation are the same las in the 
conventional welding apparatus and acts in the same manner 

10 Fig.1 shows a method in which the band is connected as follows: The article 2 to be packed Is placed on 

a stand not shown in Fig.1. Band 1 is wound around the article 2, tightened by pulling both ends nearer, and 
the t>oth ends are overlapped under the article 2. More particularly, as shown In Fig.1(A), at first, when the 
forward end of the band 1 is contacted with the limit switch 10, the first holding means 4 Is elevated to press 
the forward part 11 to the sliding table 3 and the forward part 11 is secured by the first holding means 4. Then 

15 the second holding means 5 is elevated, as shown In Fig.1(B), and the pulling part of the band is secured by 
the second holding means 5 and sliding table 3. At this time, both the forward part and the pulling part of the 
band are overlapped to contact a wkJe surface of the pulling part with a wide surface of the forward part and 
to form a double part 13. 

Thereafter heating plates 6 and 7 are interposed into the double part 13 as shown in Fig.l(C), and then 

20 pressing means 8 and 9 are elevated to cut the pulling part of the band. Subsequently, as shown in Fig.1 (D), 
pressing means 8 and 9 are further elevated to press the double part 13 to sliding table 3 and then to melt 
the mutually facing surfaces in the double part by heat conduction from heating plates 6 and 7. At this time, 
heating plate 6 is separated from heating plate 7 and an unheated part is formed between heating plate 8 and 
7. Thus, plural molten portions separated in the lengthwise direction of the band are formed on the mutually 

25 facing surfeces in the double parts, and a non-molten portion is remained t>etween the molten portions. In 
this instance, both heating plates 6. 7 and pressing means 8, 9 are separated each other. 

When a surface portion of each of t lie mutually facing surface is molten'by heating plates 6 and 7, pressing 
means 8 and 9 are lowered as shown in Fig.1 (E), and then heating plates 6 and 7 are removed from the double 
parts of the band. Subsequently, as shown in Fig.1 (F), pressing means 8 and 9 are elevated again to press 

30 the double parts to sliding table 3. Then the molten portions are welded but the non-molten portion is not weld- 
ed and Is remained simply in close contact with each other. Thereafter, as shown in Fig.l(G), pressing means 
8 and 9 are lowered, first holding means 4 and second holding means 5 are also lowered, further sliding table 
3 is withdrawn, and thereby the packing is completed. 

In Fig.1 , heating plate 6 is made separately from heating plate 7, but both heating plates 6 and 7 may be 

35 made in one body, as shown in Fig.2, in such a type that they are ur.lted in the bottom but separated in the 
head thereof. Pressing means 8 and 9 are made separately each other in Fig.1, however, they may be made 
in one body. In this case, the pressing means should have a recessed portion at the non-welded portton. 

Fig.3 shows a method for welding the band by using frictional heat, and parts therein are as follows: A 
numeral reference 1 denotes a packing band of polypropylene, 2 denotes an article to be packed. A numeral 

40 reference 21 denotes a manual welding apparatus, which is mounted on the article 2. Numeral references 23- 
32 denote parts of the welding apparatus 21 . Among them, a numeral reference 23 denotes a chassis of the 
apparatus, 24 the first holding means, 25 the second holding means. 26 and 27 sealing heads, 28 and 29 vi- 
brating plates, 30 a cutter, 31a tightening reel, and 32 a handle. The sealing head 26 is made separately from 
the sealing head 27, and both sealing heads are arranged at a distance in the lengthwise direction of the t>and. 

45 Vibrating plates 28 and 29 are also arranged at the said distance in the lengthwise direction of the band cor- 
responding respectively to the sealing heads 26 and 27. In other respects, the welding apparatus has the parts 
as those in the welding apparatus stated above, and acts in the same manner as stated ak>ove. 

Particulars of the welding process shown in Flg.3 are as follows: At first, welding apparatus 21 is mounted 
on an article 2 to be packed, band 1 is wound around the article 2, then band 1 is tightened, and both ends 

so of the band 1 are overlapped above the article 2. At this time, forward part 33 of the band 1 is passed between 
vibrating plates 28, 29 and sealing heads 26. 27, and then passed under the first holding means 24. On the 
other hand, a tightening part 34 of the band 1 is passed under the second holding means 25, placed above 
the forward part 33 of the band 1, and passed t>etween the sealing heads 26, 27 and vibrating plates 28, 29, 
and then fixed to a tightening reel 31 . Thus an overlapping part 35 of the band 1 is formed between the forward 

55 part 33 and the tightening part 34 of the band 1 . 

In this state, the first holding means 24 is rotated and the forward part 33 is secured between the first 
holding means 24 and the chassis 23. Handle 32 is operated to rotate the tightening reel 31, thereby pulling 
the tightening part 34 to further tighten the band 1 , in t his state the second holding means 25 is further rotated, 
and the tightening part 34 is secured between the second holding means 25 and the chassis 23. Subsequently, 
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the sealing heads 26 and 7/ are lowered, and the overlapping part 35 of the band 1 is pinched between the 
sealing heads 26, 27 and !he vibrating plates 28, 29. 

While the band 1 is ueing pressed by the sealing heads 26 and 27, the vibrating plates 28 and 29 are v^ 
5 brated along the overlapped surfaces. Vibration along the overlapped surfaces means that the band 1 is vi- 
brated either in the lengthwise direction or widthwise direction of the band itself. The vibration is carried out, 
for example, by reciprocating the band within the range in which the sealing head is existent at a rate of 10,000- 
30,000 rpm. When such vibration is carried out for 1-10 seconds, the opposing surfaces in the overlapped 
parts are molten by frictional heat at the portions wherein the vibrating plates 28 and 29 are opposed to the 
10 sealing heads 26 and 27. When vibration of the vibrating plates 28 and 29 is stopped and the opposing parts 
of the band are cooled while being pressed, the opposing parts are welded each other at the molten portions. 
Thus, packing has been completed. 

The vibrating plates 28 may be made separately from the vibrating plate 29, but both plates may be made 
in one bloc. When the both plates are made in one bloc, a groove must be formed on the bloc so that the op- 
is posing parts are partly prevented from contacting each other to form an unmolten portion at the groove. The 
vibrating plates are preferably vibrated In the width direction of the band, and it is sufficient to move the vi- 
brating plates at a distance of about 1mm. 

The connecting portion of the band obtained by the welding method shown in Figs.1 and 3 has a structure 
as shown in Flg.4. In Fig. 4. welded portions are indicated by hatching. The welded portions 41 and 42 are 
20 separated in the lengthwise direction of the band, and an unwelded portion 43 exists between the welded por- 
tions 41 and 42. The welded portions 41 and 41 extend through the entire width of the band, and the unwelded 
portion 43 also extends through the entire width of the band 1. 

The length n of the unwelded portion 43 in the lengthwise direction of the band 1 is more than the thickness 
of the band 1, and less than twice the width W of the band 1, preferably less than the width W. Existence of 
25 the unwelded portion 43 has never seen in the conventional connecting parts of the band. 

The unwelded portion 43 can be clearly seen from the outside of the band. It is because the band, as the 
result of having been welded, has an increased width owing to protrusion of the molten resin on both sides 44 
and 45 of the band, and has a slightly decreased thickness at the welded portion 41 and 43. however, at the 
unwelded portion 43 the band maintains the original width and no such protrusion can be seen on both sides 
30 44 and 45. 

Fig.4 shows the band having two welded portions, however, the welded portions is not limited to two, but 
may be three or nrrare. In case of two welded portions, they show a considerable improvement in weld strength 
compared with a case of a single welded portion, however, in case of three or more welded portions, they do 
not show a considerable improvement in weld strength compared with the case of two welded portions. More- 

56 over, it not necessary that the welded portions have the same area, and they may have different areas. Also 
it is not necessary that the welded portions have a rectangular shape, and they may be of a parallelogram. 

Referring to the band shown in Fig.4, it is preferable that the band has the following numeral ranges: 40^ 
M S5mm, 40^ n ^Imm and 11^ L ^200mm. The reasons for this are that, it is not easy to form M exceeding 
40mm and conversely if M is less than 5mm, then the welded area is decreased and the welded strength tend 

40 to be short, if n exceeds 40mm. the double part is liable to slacken and does not contact closely, and conversely 
if n is less than 1mm, then the neighboring welded portions are too dose each other, and it becomes difficult 
to provide the unwelded portion between them, and if L is less than 11mm, then the weld strength becomes 
insufficient, and conversely if L is more than 200mm, then it cannot be expected that an increase to more than 
200mm brings about an improvement of the weld strength corresponding to the increase of L, and further it 

45 becomes difficult to operate the heating of the band. 

According to the present invention, the band connectton as shown in Fig.4 can be obtained by one treat- 
ment, wherein plural welded portions are formed separated by an unwelded portion in the lengthwise direc^n 
of the band. The band connection shown in Fig.4 has the advantage that it has a greater weld strength com- 
pared with the conventional connection having a single welded portion because of the plural welded portions 

50 separated by the unwelded portion. The band, therefore, can be firmly secured and accordingly can be safely 
used for packing the articles of heavy weight, resulting in widening a utilization range of the band. In this r^pect 
the present invention brings about great advantages. 

It is quite unexpected that the weld strength is elevated in the case wherein the unwelded portion 43 is 
formed, as shown in Fig.4, compared with the case wherein the unwelded portion 43 is not formed. Thus, the 

55 fact is hereinbelow explained by giving examples, wherein weld strength gh/en below is an average value of 
the results obtained with ten test samples. 
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Example 1 

A band of stretched polypropylene was used having a i iat section, a width of 19 mm, a thickness of 1 mm, 
5 wide surfaces with regular ruggedness, and strength of 931 kg. A welding apparatus was used having a struc- 
ture as shown in Fig.1. Particularly, the welding apparatus had a heating plate which extended over the entire 
width of the band in the width direction and which had two heating portions, each having the length of 20 mm, 
and a non-heating portion having the length of 10 mm between the said heating portions in the lengthwise 
direction of the band. The heating portions were heated at 280 ''C, contacted with the band for 0.8 second, 
10 and thus heated only surface portions of the band. Thus, the band was welded, and this relation was explained 
with reference to Fig.4 that there were formed two molten portions having the length M of 20 mm in the length- 
wise direction of the band and an unnrralten portion having the length n of 10 mm between said two molten 
portions. 

After the molten portions had been formed, the heating plate was removed, and the molten portions were 
15 pressed together and cooled. At this time, the total pressure was maintained at 1 67 kg and pressing time was 
made for two seconds. After having been pressed and cooled, the molten portions were welded each other 
and there were formed two welded portions having the length of 20 mm. Thus, there was formed the total 
welded area of 7.6 cm^. Pressing strength of 22 kg/cm^ was applied to the band while being cooled. 

Thus welded portions in the band were extended to 50 mm in the lengthwise direction of the band. When 
20 the weld strength of the band was measured, it was 624 kg. This weld strength was excellent, compared with 
the conventional weld strength of approximately 500 kg in the band generally having the weld area of approx- 
imately 7. 6 cm2 , 

Example 2 

25 

This Example was carried out in the same manner as in Example 1, excepting that the heating plate and 
the pressing means were changed. The heating plate used in this Example had three heating portions, each 
of which had the length of 13.3 mm, and had two non-heating portions of 5 mm in length between the contig- 
uous heating portions. The pressing means had three pressing portions, each of which was corresponding to 

30 each of the heating portions. Thus, there were formed on the band three molten portions having the length 
M of 13.3 mm, and two unmolten portions having the length n of 5 mm between the neighboring molten por- 
tions, in other respects the band was treated in the same manner as in Example 1 and a welded band was 
obtained. As the result, the welded band had three welded port ions separated by non-welded portions, these 
portions being spread within a range of 50 mm in the lengthwise direction. The welded band may be expressed 

35 to have a weld pattern of 1 ^.3'^(5)+1 3.3+(5)+1 3.3. 

The welded band had the weld strength of 618 kg and was excellent. 

Comparative Example 1 

40 This Comparative Example was carried out in the same manner as in Example 1 , excepting thatthe heating 

plate and the pressing means were changed. The heating plate used herein had a single heating portion of 50- 
mm in length extending in the lengthwise direction of the band. The pressing means had a single pressing 
portion corresponding to the single heating portion. In order to equalize the pressing strength to that in Ex- 
ample 1 , a pressure of 209 kg was totally given to the pressing means. In other respects the band was treated 

45 in the same manner as in Example 1 . As the result, the band was obtained which had a single welded portion 
of 50 mm in length in the lengthwise direction of the band. That is, there was not a non-welded portion in the 
welded portion. 

The weM strength of the band was measured, and it was found that the weld strength was 481 kg. 
so Comparative Example 2 ' 

This Comparative Example was carried out in the same manners as in Example 1, excepting that the heat- 
ing plate and the pressing means were changed. The heating plate used in this Comparative Example had a 
single heating portion of 40 mm in length in the lengthwise direction of the band. The pressing means had a 
55 single pressing portion corresponding to the single heating portion. As the result, the band was obtained which 
had a single welded portton of 40 mm In length in the lengthwise direction of the band. 

The weld strength of the band was measured, and it was found that the weld strength was 460 kg. 

Above results are listed in Table 1 hereinbelow. 
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EXAMPLE 1 


20+(10)+20 


50 


7.6 


167 


22 


624 


15 


EXAMPLE 2 


13.3+(5)+13.3+ 
(5)+13.3 


50 


7.6 


167 


22 


618 




COMPARATIVE 
EXAMPLE 1 


50 


50 


9.5 


209 


22 


481 


20 


COMPARATIVE 
EXAMPLE 2 


40 


40 


7.6 


167 


22 


460 



When data In Table 1 are compared, it becomes dear that the bands with plural welded portions obtained 
in the above Examples have a superior weld strength to the bands with a single welded portion obtained in 
25 the at>ove Comparative Examples. 



Example 3 

Example 3 and the subsequent Examples were carried out by welding with frictional heat. Aband was used 
30 which was made of stretched polypropylene, had a width of 32 mm, a thickness of 0.9 mm. surfaces with a 
large number of small protuberances and recesses, and a strength of 1252 kg in itself. 

In Example 3, the apparatus as shown in Fig.3 was used for generating the frictional heat Two vibrating 
plates 28 and 29. each of which had a length of 16 mm in the lengthwise direction of the band, were located 
at a distance of 8 mm. The vibrating plates made 17300 reciprocations per minute with an amplitude of 1 mm 
35 for 1.5 seconds to generate the frictional heat between the opposing surfaces of the band. Thus two molten 
portions, each of which had the area of 16 mm X 32 mm (total area 10.2 cm^), were formed at a distance of 
an unmoiten portion having the area of 8 mm X 32mm. 

Immediately after the vibration had been stopped, the band was cooled and thus welded. In this instance, 
sealing heads 26 and 27 were made separately corresponding to independent vibrating plates 28 and 29,re- 
40 spectively, and each of the sealing heads were pressed with the pressure of 45 kg, accordingly totally 90 kg. 
Thus the pressing strength was 8.8 kg/cm^. 

Thus welded band was tested for measuring the weld strength, and it had the weld strength of 879 kg. 

Example 4 

45 

This Example was carried out in the same manner as in Example 3, excepting that the vibrating plates, 
and sealing heads were changed and total pressure of the sealing heads was also changed so as to equalize 
the pressing strength to that in Example 3. Three vibrating plates and three sealing heads were used so as* 
to form three molten portions of 10 mm in length in the lengthwise direction of the band at intervals of 5 nrtm, 
50 and hence the total area of the molten portions were 9.6 cm^. The sealing heads were pressed by the total 
pressure of 84.5 kg, and accordingly by the pressing strength of 8.8 kg/cm^, which was equal to the pressing 
strength in Example 3. 

The resulting band had the weld strength of 868 kg. 

55 Example 5 

This Example was carried out in the same manner as in Example 3, excepting that the vibrating plates 
and sealing heads were changed, and total pressure of the sealing heads was also changed so that the press- 
ing strength by the sealing heads was equalized to that in Example 3. In this Example, two vibrating plates 
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were used, each of w jich had a length of 1 5 mm in the lengthwise direction of the band, and which were located 
at a distance of 2 r ;m in the lengthwise direction of the band. The total pressure by the sealing heads was 
84.5 kg, and hence the pressing strength was 8.8 kg/cm^. which was equal to that in Example 3. 

As the result, the band had two welded portions of 15 mm in length in the lengthwise direction of the band, 
and a non-welded portion of 2 mm in length between said two welded portions. The band had the weld strength 
of 853 kg. 

Comparative Example 3 

This Comparative Example was carried out in the same manner as in Example 3, excepting that the vk 
brating plates and sealing head were changed. Particularly, one alone of two vibrating plates used in Example 
3 was used in this Comparative Example, and the total pressure applied to the sealing head was reduced to 
half to be 45 kg, as the result the pressing strength was equalized to that in Example 3, and in other respects 
the Comparative Example was carried out in the same manner as in Example 3. 

The resulting band had a single welded portion of 18 mm in length in the lengthwise direction of the band, 
and had the weld strength of 561 kg. 

Comparative Example 4 

This Comparative Example was carried out in the same manner as in Example 3, excepting that the vi- 
brating plates and the sealing heads were changed. Particularly, two vibrating plates used in Example 3 were 
connected into one bloc so as to eliminate a gap between the vibrating plates, and two sealing heads were 
also connected into one bloc so as to correspond to the vibrating plates. In other respects, the band was treated 
in the same manner as in Example 3. 

The resulting band had only one welded portion of 32 mm in length In the lengthwise direction of the band, 
and had the weld strength of 722 kg. 

Comparative Example 5 

This Comparative Example was carried out in the same manner as in Example 3, excepting that the vi- 
brating plates and the sealing heads were changed. Particularly, use was made of only one vibrating plate hav- 
ing the length of 40 mm in the lengthwise direction of the band, and use was made of a single sealing head 
corresponding to the said vibrating plate. The total pressure applied to the sealing head was made 112.6 kg 
to give an equal pressing strength to that in Example 3, and the others were carried out in the same manner 
as in Example 3. 

The resulting band had a single welded portion of 40 mm in length in the lengthwise direction of the tmnd, 
and had the weld strength of 756 kg. 

Above-mentioned matters stated after Example 3 are listed in the following Table 2; 
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Tat e 2 



5 




WELD PATTERIM 


WELDED PORTION 


PRESSURE 


WELD 
STRENGTH 






Figures in paren- 
















theses show 


TOTAL 


WELDED 


TOTAL 


PRESSING 








length of non- 


LENGTH 


AREA 


PRESSURE 


STRENGTH 




lU 




welded Dortion 
















mm 


mm 




kg 


kg/cm2 


kg 




EXAMPLES 


16+(8)+16 


40 


10.2 


90 


8.8 


879 


15 


EXAMPLE 4 


10+(5)+10+(5)+10 


40 


9.6 


84.5 


8.8 


868 




EXAMPLES 


15+(2)+15 


32 


9.6 


84.5 


8.8 


853 


20 


COMPARATIVE 
EXAMPLES 


16 


16 


5.1 


45 


8.8 


561 




COMPARATIVE 
EXAMPLE 4 


32 


32 


10.2 


90 


8.8 


722 


25 


COMPARATIVE 
EXAMPLE 5 


40 


40 


12.8 


112.6 


8.8 


756 



When data in Table 2 are compared, it becomes dear that the bands with plural welded portions obtained 
in the above Examples have a superior weld strength to the bands with a single welded portion obtained in 
the at>ove Comparative Examples. 

30 

Example 6 



In this Example a band of stretched polypropylene was used having a width of 31mm, a thickness of 
0.97mm and a strength of 1320 kg in itself, and two molten portions in the lengthwise direction of the band 
35 were formed on the s-irface of the band by rubbing together the surfaces to leave an unmolten porttonofSmm 
in length between the molten porttons. The molten portk>ns were pressed by sealing heads under varying pres- 
sures to form welded bands all having a weld pattern of 1 6+(8)+1 6. More particularly, t he pressure were varied 
so as to give a pressing strength of 1 0. 1 5, 20, 25 30 or 34 l^cm^ Using thus welded bands the weld strength 
of the band was measured, and the results listed in Table 3 were obtained. 

40 

Table 3 



45 



50 



55 



PRESSURE 


WELDED PROTIONS 


WELD STRENGTH 


PRESSING 
STRENGTH 
kg/cm2 


TOTAL PRESSURE 

kg 


TOTAL LENGTH 
mm 


WELDED AREA cm2 


kg 


10 


99.2 


32 


9.9 


889 


15 


148.8 


32 


9.9 


940 


20 


198.4 


32 


9.9 


956 


25 


248.0 


32 


9.9 


941 


30 


297.0 


32 


9.9 


887 


34 


337.3 


32 


9.9 


667 



When data in Table 3 are reviewed, it is seen that in case wherein the pressing strength is less than 
20kg/cm2, the weid strength is increased according as the pressing strength is increased, however, in case 
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wherein the pressing strength is more than 20 kg/cm2 the weld strength is not increaf ad but rather slightly 
de<^eased according as the pressing strength is increased, and in case wherein pressin j strength is more than 
30 kg/cm2, the weld strength is considerably decreased. 

Accordingly, in case of the polypropylene band, it becomes clear that the pressing strength should be less 
than 30 kg/cm^. 

Example 7 

in this Example, a flat band of stretched polyethylene terephthalate was used having a width of 31mm a 
thickness of 0.84mm. a regularly rugged pattern on its surfaces and a strength of 1 054 kg in Itself The surfaces 
of the band were partly molten by contacting a heating plate in the same manner as in Example 1. The heating 
plate had two heating portions, each of which had a length of 20mm in the lengthwise directton of the band 
^"^iIf ^ non-heating portion having a length of 1 0mm. The heating plate was heated 
at 430 "C . contacted with the band for 0.3 second, and thus heated only a surface portion of the band 

Thus, on the band were formed two molten portions each having a length of 20mm in the lengthwiU di- 
rection of band and a non-molten portion having a length of 1 0mm between the mol ten port ions. Subsequently 
the heating plate was removed from the band, and the molten portions were pressed and cooled At this time 
the total pressure was maintained at 273 kg and pressing time was made for two seconds. After having been 
pressed, the molten portions were welded together and there were formed welded portfons formina a weld 
patter of 20+(10)+20. ** 

As to thus welded band, a weld strength of the band was measured, and found to be 920 kg. 

Example 8 

This Example was carried out in the same manner as in Example 7. excepting that the heating plate and 
he pressing means were changed. The heating plate and the pressing mtons used herein were the same as 
those used in Example 2. Particularly, the heating plate had three heating portions, each having a length of 
13.3mm in the lengthwise direction of the band, and had two non-heating portions having a length of 5mm 
between the neighboring heating porttons. The pressing means was used having three pressing portions each 
of which was corresponding to each of the saM heating portions. In other respects, the band was treated in 
the same manner as in Example 7 and welded to form a weld pattern of 13.3+(5)+13.3+(5)+l3.3. 

The weld strength was measured of thus welded band, and found to be 915 kg. 

Comparative Example 6 

This Comparative Example was carried out in the same manner as in Example 7. excepting that the heating 
plate and pressing means were changed. The heating plate and pressing means used herein were the same 
as those used in Comparative Example 1. Particularly, the heating plate had a single heating portion of 50mm 
in length in the lengthwise direction of the band, and the pressing means had also a single pressing portion 
corresponding to the single heating portton. In order to equalize the pressing strength to that in Example 7 a 
total pressure of 341 kg was given to the pressing means. As the results, the band was welded to have a mid 
pattern of 50, which did not include any non-welded portion in the welded portion. 

The weld strength was measured of thus welded band, and found to be 789 kg. 

Comparative Example 7 

This Comparative Example was carried out in the same manner as in Example 7. excepting thatthe heating 
plate and pressing means were changed. The heating plate and pressing means used herein were the same 
as those used In Comparative Example 2. Particularly, the heating plate had a single heating portion of 40lnm 
in length in the lengthwise direction of the band, and the pressing means had also a single pressing portion 
corresponding to the single heating portion, in other respects, the band was treated in the same manner as 
in Example 7 to have a weld pattern of 40. 

The weld strength was measure of thus welded band, and found to be 773 kg. 

The results obtained in Examples 7. 8 and Comparative Examples 6. 7 are listed in Table 4. 
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Table 4 



5 




WELD PATTERN 


WELDED PORTION 


PRESSURE 


WELD 
STRENGTH 






Figures in parentheses 
show length of non- 
welded portion 


TOTAL 
LENGTH 


WELDED 
AREA 


TOTAL 
PRESSURE 


PRESSING 
STRENGTH 




10 




mm 


mm 


cm2 


kg 


kg/cm2 


kg 




EXAMPLE 7 


20+(10)+20 


50 


12.4 


273 


22 


920 


15 


EXAMPLE 8 


13.3+{5)+13.3+(5)+13.3 


50 


12.4 


273 


22 


915 




COMPARATIVE 
EXAMPLES 


50 


50 


15.5 


341 


22 


789 


20 


COMPARATIVE 
EXAMPLE 7 


40 


50 


12.4 


273 


22 


773 



When data in Table 4 are reviewed, it is seen that even in case wherein the bands are made of stretched 
polyethylene terephthalate, the bands with plural welded portions obtained in Examples 7 and 8 have also 
superior weld strengths to the bands with a single welded portion obtained In Comparative Examples 6 and 

25 7. 



Claims 

30 1- A method of welding together sections of packing band of thermoplastic resin, said method comprising 
the steps of: 

overlapping a plurality of sections of band, to be welded together; 

heating a plurality of opposing separate portions of the plurality of overlapped sections to form a 
plurality of nnolten portions on said plurality of sections, with non-molten portions on said sections be- 
35 tween said molten portions; and 

pressing said opposing molten portions together to weld them together with non-welded portions 
existing between welded portions. 

2. A method according to claim 1 wherein said heating step comprises the steps of interposing a heating 
4Q plate between the contacting surfaces of the overlapping sections to melt portions of them, then removing 

the heating plate, said heating plate being provided with a plurality of heating portions to form said plurality . 
of molten portions on both of the contacting surfaces. 

3. A method according to datm 1 wherein said heating and pressing steps comprise the steps of pressing 
^ a vibrating plate against one of the overlapping sections to bring the contacting surfaces into dose contact 

and to generate frictlonal heat between the contacting surfaces to melt portions of them, then stopping 
the vibration to weld the surfaces, said vibrating plate being provided with a plurality of vibrating portions 
to form said plurality of molten portions on both of the contacting surfaces. >: . 

4y A welded packing band of a thermoplastic resin induding overlapping sections of the band welded tto- 
^ gether by a plurality of welded portions separated by at least one non-welded portion. 

5. A method or band according to any one of the preceding daims wherein said band Is of stretched ther- 
moplastic resin and has a fiat cross section so that the overlapping sections are of a wide surface of one 
part contacting a wide surface of another. 

55 

6. A method or band according to any one of the preceding dainns wherein said welded and non-welded por- 
tions are separated in the lengthwise direction of the band. 

7. A method or band according to any one of the preceding daims wherein the length of each at least one 
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non-welded portion is greater than or eque ; to the thickness of the band and less than or equal to twice 
the width of the band. 

A method or band according to daim 7 wherein the length of each at least one non-welded portion is less 
than or equal to the width of the band. 

Apparatus for welding together sections of band of thermoplastic resin, said apparatus comprising: 
overlapping means for overlapping a plurality of sections of band, to be welded together; 
heating means for causing a plurality of opposing separate portions of the plurality of overlapped 

sections to melt and form pluralities of nriolten portions on said sections with non-molten portions between 

said molten portions; and 

pressing means for pressing opposing overlapped molten portions together to weld them together 

with non-welded portions existing between the welded portions. 

Apparatus according to daim 9 wherein said heating means comprises two or more heat causing members 
spaced apart to form said molten portions simultaneously. 

A package comprising one or more items encompassed by a band having a weld provided by the method 
of any one of dainrts 1 to 3 and 5 to 8 or by the apparatus of claim 9 or 1 0. 
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